Prostate cancer (PCa) is most common diagnosed cancer in men and it is second most common cause of male cancer death. Many factors have been implicated in the pathogenesis of PCa. Although many papers have discussed the prostate specific antigen (PSA) as biomarker of PCa, very few have addressed its rule in the carcinogenesis, metastasis and invasion of PCa. In this article we will review the pathological role of PSA, as a potential target in the therapeutics of PCa.
Introduction
Prostate cancer is the most common diagnosed cancer in men and it is the second most common cause of male cancer death [1] . The incidence of invasive prostate cancer differ according to ethnic group and country as it is the lowest in China (1.9 per 100,000 per year) and highest in North America and Scandinavia, especially in AfricanAmerican people (137 per 100,000 per year). However, histologic (latent) prostate cancer is much more common than the invasive one. It is revealed from several autopsy studies in about 600 men that histological prostate cancer is common in 30% of men around age 30, 50% of men around 50 and more than 75% of men in older than 85 years. In other words, the majority of prostate cancers in the population are latent and clinically not significant [2] . Although PSA is used for many years as surrogate biomarker for screening of prostate cancer, it seems most of, if not all, newest guidelines did not recommend [3, 4] . Recently, more data implied that PSA is not only an AR (androgen receptor) target gene, but involved also in the carcinogenesis, metastasis and invasion of PCa. Although more investigations into the biological function of PSA are needed, the significance of PSA in the prostate cancer has been highlighted in this review, and may represent, therefore, as an attractive drug targets for therapeutic intervention of PCa. Prostate-specific antigen (PSA) is a 33-kd single-chain glycoprotein containing 237 amino acid residues, 4 carbohydrate side chains, and multiple disulfide bonds [5, 6] . It is encoded by KLK3 gene, a member of the 15 genes in kallikrein gene family which colocalizes to the same chromosomal region (19q13.4) in human [7] . Among the whole kallikrein family members, proteins expressed by KLK2 and KLK3 genes are considered closely related KLKs, that set into one subgroup and possess 80% similarity at the amino acid sequence level [7] . Both KLK3 and KLK2 genes are regulated by androgen receptor and progestin [8] [9] [10] . PSA is localized predominantly in the cytoplasm of glandular epithelia, from where it is likely to be secreted from both normal and neoplastic prostate cells [11] and although the prostate stroma is androgen-responsive, it does not express KLK3 [12] . It is synthesized as preproenzymes, proteolytically processed by removal of the signal peptide prior to its secretion as an inactive proenzymes. Pro-PSA is the latent form of the PSA enzyme and has to be activated extracellularly [13] . Processing to obtain the enzymatically active form occurs by further proteolytic removal of a 4 -9 amino acid long peptide at the N-terminus (with the exception of KLK15) [14] . Being detected in other cancers, including breast, lung, and uterine cancer, and in normal breast and pituitary gland, the expression of PSA as well as KLK2 is shown to be not restricted to the prostate. PSA is known to be present in biological fluids, such as serum, seminal plasma, milk of lactating women, salivary glands, pancreas, thyroid gland, placenta and amniotic fluid [15] . fying seminal clot [16] , PSA is also involved in tumor growth, invasion and metastasis of prostate cancer. We are trying our best to summarize all the significant findings focusing specifically on these studies.
Genetics
2.1.1. PSA Genotype GG The large-scale cohort studies about on genetic susceptibility to prostate cancer, confirmed by two different groups in the United States, suggested that people with PSA genotype GG (high affinity to AR in promoter) have more than 5 -7 fold increase in prostate cancer risk, and also conferred that it posses higher risk than polymorphism in one of the gene alone [17, 18] . Both studies suggested the gene-gene interaction in the etiology of prostate cancer between PSA and AR.
Polymorphism of G-158A and G-4643A
G-158A polymorphism (rs266882) involving the promoter of PSA gene is associated with high serum PSA level, tumor volume, stage and grade of disease, lymph node invasion and circulating tumor cells in some studies. Also, G-4643A polymorphism (rs925013) involving the promoter of PSA gene is associated, surprisingly, with high risk of prostate cancer [12] . In a recent study, Penney et al. reported that 4 alleles (rs266878, rs174776, rs1058205 and rs2569735) are associated with low PSA level and significantly associated with lower risk of prostate cancer [19] .
Oxidative Stress
In William's review, it was found that PSA stimulates reactive oxygen species generation in LNCaP, PC3 and DU145 cells and redox was implicated in many cancers including prostate cancer [20] . The use of antioxidant for preventing and treating PCa supported this evidence [21] .
Invasion & Metastasis

PCa Invasion
It is found that PSA degrades some extracellular matrix proteins and promotes urokinase-type plasminogen activator and both are known to be important factors for PCa in tumor invasion and metastasis [22] .
Insulin-like Frowth Factor
PSA cleaves insulin-like growth factor binding protein 3 (IGFBF-3) to liberate IGF-1 [23] , catalyzing the hydrolysis of several ECM which facilitate cell invasion [24] , acting as a mitogen for androgen responsive human prostate cancer LNCaP [25] , stimulating BPH-derived stromal cells proliferation [26] , processing osteoblastic bone metastasis by cleavage of PTHrP [27] and facilitating progression of prostate cancer cells by downregulating of Ecadherin and upregulating vimentin expression which consequently induces epithelial-mesenchymal transition [28] .
PSA was found to activate specifically the small latent form of TGFb2 suggesting that PSA can directly stimulate a variety of cellular processes through the release of active TGFb2 stored within the matrix of the prostatic stroma [29] .
p53 and Bcl-2
In a study carried out on the human prostate cancer samples, p53 mutation was positively correlated with serum PSA and tumor extent, and overexpression of Bcl-2 (Bcell lymphoma 2) which has antiapoptotic properties was associated with high serum PSA only [30] . These studies implied that PSA is not only an AR target gene, but also participates in the etiology of prostate cancer, and may somehow interact with AR.
We found prostate-specific antigen might promote prostate cancer proliferation via functioning as a coactivator to enhance ARA70-induced androgen receptor transactivation without involving its protease activity. The prostate-specific antigen-induced androgen receptor transactivation might then result in the suppression of p53 expression via modulation of Mdm2/HoxA5/Egr-1 pathways. The consequence of p53 suppression might result in decreased apoptosis. Cell growth will be arrested at the G1 phase and this would occur via modulation of the bax/ bcl-2/caspase3 and p21/cdks signal pathways. Taken together, this newly identified signal pathway of prostatespecific antigen ARA70/androgen receptor, p53 apoptosis/ G1 arrest might allow prostate-specific antigen to become a new therapeutic target to battle the prostate cancer. Also, prostate-specific antigen-siRNA or smaller molecules that can degrade prostate-specific antigen or interrupt the interaction between prostate-specific antigen and ARA70 might be developed as alternative approaches to suppress the prostate cancer growth [31] .
Crosstalk between PSA and AR
The primary regulator of PSA expression in the human prostate is AR and its gene is located on chromosome Xq-11-12 [32] . AR results in the induction of PSA expression through three androgen response elements (AREs) located in the proximal 6 kb of the PSA promoter [33] . Although AR still exists in hormone refractory prostate cancers, the abnormal PSA elevation may not attribute to AR regulation in this stage. It has been reported, in addition to androgens, PSA expression may be induced by glucocorticoids [34] , progestin [35] , GAGATA binding protein [36] , and ETS transcription factors [37] . However, the significance of AR-independent PSA expression remains unclear.
PSA is expressed by androgen-sensitive LNCaP (hu-man prostate adenocarcinoma cell line) cells, while Du-145 and PC3, which are often used as models of androgen independent prostate cancer, lack AR expression and do not produce PSA. But AR transfected PC3 cells produces and secretes PSA in an androgen-dependent manner [38] . This result highlights the importance of AR activity for PSA expression in this cell line.
LNCaP cotransfection experiments with AR and SRY expression vectors and a luciferase reporter gene showed that the strong stimulation of PSA by AR in the presence of dihydrotestosterone was markedly repressed when cells were cotransfected with SRY [39] .
Many recent studies revealed the pivotal rule of the PSA in the prostate cancer. Saxena et al. investigated the localization of PSA, AR and Src in intracellular compartment of LNCaP or C4-2B PrCa cells that were under stimulation of synthetic androgen. They found that most of fractions of PSA accumulated in the nuclei of these androgen-stimulated PrCa cells, compared to the control, and the cytoplasmic fractions aggregated in certain area of the cytoplasm and specifically with cis-medial Golgi apparatus, thereby suggesting that signal peptides were still added. They investigated also the effect of low PSA expression (by shRNA) on AR. They found that shRNA silencing of PSA is associated with extremely low AR levels in C4-2B and VCaP cells suggesting, that PSA is, at least, one of mediators regulating AR expression in PrCa cells [14] .
The Effect of Low PSA
Williams et al. studied the effect of low PSA (achieved by shRNA lentivirus) on the growth and tumerigenicity in vitro and in vivo. They found that low PSA expression in LNCaP is associated with low growth rate in vitro and the doubling time increased from 2 days to 11 days. In vivo, they found that low PSA expression and serum level is associated with lower tumor weight. In addition, they found that low PSA expression is associated with change in expression of many proteins which may indicate that PSA is part of regulatory mechanism of their expressions [40] .
The Baseline of PSA
Many studies reveal that androgen level in African American men, especially above age of 40 years, is not higher than white Caucasian [41] [42] [43] . In addition, an increase in prostate cancer incidence coincides with a gradual decrease in testosterone levels with advancing age [44] . Also, the decrease in bioavailability of testosterone (i.e., a combination of free testosterone and the fraction weakly bound to albumin) with aging is reported to be considerably greater than the total testosterone decline [45] . The increase of PSA with age is partially influenced by benign prostatic hyperplasia [46] . Interestingly, it has been found that African American men have higher baseline of PSA value and higher incidence of prostate cancer and mortality as well [3] . Also, new study found that native Chinese young men have a baseline level of PSA lower than African American and Caucasian American young men; keeping in our mind that Chinese men have lowest incidence of PCa [47] . Hence, this correlation between PSA baseline and the incidence of PCa may elaborate the role of PSA in this cancer.
PSA Lowering Substances
If any substance is found to decrease the PSA regardless of the pathway (which is associated with low incidence of PCa), this may add to the role PSA in the pathophysiology of PCa. Many studies reveal that Curcumin, [48] (−)-epigallocatechin-3-gallate, a major constituent of green tea [49] , decursin [50] , capsaicin [51] and the potent PSA inhibitor boron [52] fall in this category.
Discussion
In this article, we have summarized the role of PSA primarily as an independent factor to promote initiation, invasion and metastasis of PCa. Although some authors are supporting this hypothesis [20, 53] However, however, some authors are not [54] . The association between low density protein (LDL) and lowering drugs, which were found to lower the PSA, and increase the risk of PCa is revealed in 2 studies but the larger part show the opposite or no significant difference as thoroughly reviewed by Gazzerro et al. [55] . Also, mentioning that the 5α-reductase inhibitors, which lower PSA through AR signaling, as they increase the aggressive pattern of PCa [56, 57] only seems to be biased. It remains unclear if the high-grade PCa in patients consuming these drugs is the side-effect of these drugs or an artifact as reviewed in detail [58] and these adverse effects of such drugs still need to be evaluated [59] . The other probable reason would be the 5α-reductase inhibitors, which support the role of PSA in PCa by decreasing the overall incidence of PCa. In addition, some authors attribute the low incidence of PCa in Chinese population to the green tea which lowers the PSA without increasing the high-grade of PCa [49] . Some studies revealed that PSA inhibits the growth and migration of endothelial cells by inhibiting endothelial cell response to the fibroblast growth factor 2 (FGF-2) and vascular endothelial growth factor (VEGF). They have the ability cleave plasminogen, causing the release of biologically active angiostatin-like fragments and can essentially slow the progression of the disease through this antiangiogenic activity [32, 60] ; in addition to that, it has been revealed that PSA-inhibitors suppress the antiangiogenic effect of PSA in an angiogenesis model [61] .
Also, a recent study established that low PSA expressing PCa cells maintain tumor-regenerating capacity and resistance to androgen-deprivation. Although the overall evidences are supporting PSA as the promoter in the "vague game" of the PCa, the dual effect of PSA in the pathogenesis cannot be excluded. It is still possible that the story of PSA is equivalent to story of androgen as the latter promote proliferation from one side and induce apoptosis of PCa cells in another side as our study revealed [62] The clinical significance targets the PSA as a potential therapeutic agent specially for castration-resistant PCa. Therefore, we are awaiting further studies to expose the challenging mystery of PSA.
